ABSTRACT Objectives: Data on acute geriatric patients' nutritional status are lacking, and the associations among physical function, sarcopenia, health status and nutritional status are not sufficiently investigated in this population. The aims of this study are to investigate (1) nutritional status and sarcopenia in a group of acute geriatric patients, (2) the association between nutritional status, physical function and sarcopenia in acute geriatric patients, controlling for health status.
INTRODUCTION
Malnutrition and risk of malnutrition are reported to be highly prevalent among acutely sick elderly individuals. 1 2 In Norway, it is suggested that between 45% and 75% of hospitalised patients are malnourished or at risk of malnutrition. [3] [4] [5] [6] Malnutrition increases the risk of morbidity, mortality and impaired physical, mental and social function, all of which may result in reduced quality of life as well as having fiscal consequences. 1 2 7 8 Unintentional weight loss is a major sign of malnutrition, which includes a loss of skeletal muscle mass 9 leading to gradual, progressive muscle wasting, a common feature of ageing. 10 11 Acute or chronic illness, and physical inactivity alone or in concert with malnutrition or inadequate protein intake can hasten the loss of lean body mass and increase the risk of functional impairment. 12 13 Moreover, malnutrition is associated with geriatric syndromes such as frailty and sarcopenia. 14 15 Sarcopenia refers to the loss of skeletal muscle mass and decline in associated muscular function with ageing. 16 17 In summary, malnutrition, physical impairment and Strengths and limitations of this study ▪ The main outcome measures employed in this study are validated for the hospitalised elderly. ▪ All data are complete and there are no missing values. ▪ All data were collected in face-to-face interviews with the same experienced clinician. ▪ The study includes a relatively small sample size which may increase the risk of type II error (rejecting a true alternative hypothesis). ▪ All analyses are correlational and no causality can be demonstrated.
sarcopenia are amendable as well as indicators for people being at risk of adverse health outcomes. 18 There is a lack of evidence concerning the prevalence of risk of malnutrition, malnutrition and sarcopenia in acute geriatric patients, in Norway and internationally. Furthermore, a thorough investigation of the association between physical function and nutritional status, controlling for health status (ie, medical conditions, medications and sarcopenia), seems to be missing in the field. Only two studies have explored the association between nutritional status and physical function using performancebased assessments, that is, grip strength 7 and 'Timed Up and Go' (TUG), in acute geriatric patients. 19 However, neither study controlled for medication use or sarcopenia, which are both considered to influence physical function substantially. Thus, our aims were to investigate nutritional status and sarcopenia in a group of acute geriatric patients. Furthermore, we wanted to assess which physical function and health status variables had significant, independent associations with nutritional status. Our goal is to contribute to the knowledge of preventing malnutrition and supplementing recent research, as well as to tailor interventions for enhancing good health.
MATERIAL AND METHODS Study design and sample
A cross-sectional study was designed and conducted at two different hospitals in the eastern part of Norway. Both hospitals operate mainly as local hospitals, with some regional and national medical responsibilities. Enrolment and assessment began in May 2014 and ended in May 2015. The data were collected from two internal medicine wards, which were divided into multiple subdivisions, namely, cardiology, stroke and acute geriatrics. Acute geriatric wards were defined according to Baztán et al 20 as a ward with an independent 'physical location and structure and run by a specialised multidisciplinary team with direct responsibility for the care of elderly people with acute medical disorders, including acute exacerbations of chronic diseases'. 20 The following inclusion criteria were used: age ≥65 years and admitted as an acute geriatric ward. All included patients were admitted from home or an institution, that is, nursing home. The exclusion criteria included terminal illness, Mini Mental State Examination<23, language difficulties or severe aphasia. Patients were approached while being admitted to the hospital. In total, 234 patients were screened, 93 (39.7%) of whom did not meet the inclusion criteria (57 women and 36 men) and 21 (9.0%) of whom did not wish to participate (5 men and 16 women) (see figure 1) . Thus, 120 persons (51.3%) agreed to participate and were included. All patients were approached shortly after admission, and median time from admission to screening was 2 days (IQR: 5.0).
Ethics
The patients received written and oral information about the study, and written consent was required before inclusion. One registered nurse (ELJ) collected all the data. The study was performed in accordance with the Helsinki Declaration on human studies. To comply with ethical standards, all patients received information about their nutritional status after participating in the study.
Measurement of nutritional status
Nutritional status was assessed using the Norwegian version of the full Mini Nutritional Assessment (MNA). The MNA is a validated screening and assessment tool for the elderly, that is, those aged ≥65 years. 21 Briefly, the MNA consists of 18 items (5 questions in the screening part and 13 in the assessment part) capturing anthropometric measures, such as body mass index (BMI) and calf and arm circumference; dietary intake ( protein, fruit and vegetable, and fluid); appetite; general health (eg, use of prescribed medications; selfreported health; presence of acute illness, psychological stress or dementia); and mobility. The total score ranges from 0 to 30, where a score of ≤17 points indicates malnutrition, 17-23.5 indicates risk of malnutrition, and ≥24 points indicates normal nutrition.
For the patients capable of standing upright, a Tanita BC-418 MA Body Composition Analyzer (Tanita Corp, Tokyo, Japan) was used to measure weight. For patients with pacemakers, the wards' regular floor scales were used. Patients incapable of standing were weighed using the wards' in-bed scales. Participants were asked to stand against the wall, and a wall-mounted height rod with an accuracy of 1 cm was used to measure height. For patients who were unable to stand, height was estimated using the demi-span and the formulas in the MNA guidelines for women and men, respectively: (1.35×demi-span in cm)+60.1 and (1.40×demi-span in cm)+57.8. BMI was defined as weight (kilograms) divided by height×height in metres. 
Physical function
To measure the patients' functioning in activities of daily life (ADL), we employed the Norwegian Barthel Index (BI). The BI is frequently used to measure ADL functioning among the elderly. 22 23 It is scored on a scale (0-20), where a higher score indicates a high degree of independence in performing ADL, and vice versa. The BI was used as a self-reported questionnaire.
The SPPB was used to evaluate balance, mobility and muscle strength by examining the patient's ability to stand with their feet in side-by side, semitandem and tandem positions, the time needed to walk 4 m and the time needed to rise from a chair and return to a seated position five times. 24 Performance on each of these three tests was scored from 0 to 4, leaving a maximum score of 12 for those individuals performing at the highest levels. Patients who tried, but were unable to complete either test, that is, gait speed, chair stands and/or balance, received a score of 0 on the given test. Only individuals who refused to complete a test were considered missing data. This test battery has proved a valid and reliable measure of lower extremity performance. 24 25 Sarcopenia For this study, we adopted the diagnostic criteria for sarcopenia from the European Working Group on Sarcopenia in Older People (EWGSOP; table 1). The EWGSOP 26 refers to different stages of sarcopenia: presarcopenia, sarcopenia and severe sarcopenia. Presarcopenia is characterised as low muscle mass without low muscle strength or low physical function. Sarcopenia is characterised by low muscle mass in combination with low muscle strength or low physical function. The last stage, severe sarcopenia, is characterised by low muscle mass, low strength and low physical function. 26 The EWGSOP algorithm suggests using muscle mass and muscle strength (gait speed and/or grip strength) as criteria for sarcopenia. 26 Muscle mass Skinfold thickness at the triceps muscle, that is, TSF, was measured with a Baseline Skinfold Caliper (range from 0.0 to 67 mm; min graduation, 1.0 mm). TSF was measured three times for each patient to compute the average. The mid-arm circumference (MAC) was measured using a flexible measuring tape on the patient's right arm, unless it was affected by a disability or other conditions. Based on MAC and the average of TSF, mid-arm muscle circumference (MAMC) was calculated using the following formula: 27 28 MAMC ¼ mid -arm circumferenceÀ(3:14ÂTSF=10):
Owing to a lack of reliable cut-off points, the MAMC tertiles calculated in the ilSIRENTE study 29 were used to identify patients with reduced muscle mass. Hence, in this study, MAMC <21.1 cm in men and <19.2 cm in women was considered low muscle mass. 29 
Muscle strength
Muscle strength was measured by grip strength using a Sammons Preston Jamar hand dynamometer. All patients performed three measurements per hand for a total of six measurements. The measurements were performed in a seated position with the elbows flexed at 90°, not supported by the armrests and with the forearm and wrist in a neutral position. 30 For bedridden patients, grip strength was assessed while lying at 30°in bed with elbows supported as described by Hillman et al. 31 To avoid muscle fatigue, the patients paused 10-20 s between measurements and alternated between the left and right hands for every measurement. According to the EWGSOP algorithm, measurements <20 kg for women and <30 kg for men are considered low muscle strength. 26 In this study, the highest of the six measurements was used in the statistical analysis.
Gait speed
Gait speed was measured by having the patient walk 4 m to a marker using their regular walking pace. The test was performed in the patient's room or in a hallway of the respective hospital. The Norwegian version of the Short Physical Performance Battery (SPPB) 24 32 was performed twice as per the standards, and the fastest gait speed was used in the statistical analysis. According to the EWGSOP algorithm, a gait speed <0.8 m/s is considered poor physical function. 26 
Health status
The patients provided information about their basic characteristics, such as education, relationship and housing situation. Medical histories, including number of diseases, medications and current cause of admission, were retrieved from the patient charts. Diseases were organised by organ system classification and Charlson Comorbidity Index (CCI), while medications were recorded as number of prescribed medications. In the present study, CCI is employed as a method of weighting comorbidities in the sample. The CCI used in this study consists of 19 conditions, each assigned a score between 1 and 6, depending on the severity of the condition. The total score of the index is calculated by adding the individual score of each condition. In addition, one extra point is added for every 10 years above the age of 40.
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DATA ANALYSIS
Continuous variables are presented as the mean value ±SD, while categorical and non-normally distributed variables are reported as the median and IQR. The internal consistency of the MNA, BI and SPPB was measured by Cronbach's α coefficients, which were found to be satisfactory at 0.71, 0.85 and 0.81, respectively.
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Differences between women and men at baseline were assessed using independent t-tests and
To determine the robustness of the multivariate model, both backward and forward regression was conducted, with the same results. The multivariate model was carefully examined, and criteria for linear regression, that is, linearity, homoscedasticity, multicollinearity and normally distributed residuals, were shown to be met. Statistical analyses were performed using IBM SPSS Statistics for Windows, V.22.0 (IBM Corp, Released 2013, Armonk, New York, USA). p Values ≤0.05 were considered statistically significant, and all tests were two tailed. Floor and ceiling effects were said to be present if more than 20% of respondents achieved the lowest or highest possible score. 35 
RESULTS
Nutritional status, sarcopenia and physical function
Of 120 patients, 44 men and 76 women, with a mean age of 82.5 (±8.0) years were included (table 2). Almost one in two patients were at risk of malnutrition, while one in four were actually malnourished according to the MNA classification (table 2) .
One in three patients had sarcopenia. Severe sarcopenia was seen in 17.5% of patients. Women had a higher rate and more severe sarcopenia ( p<0.05) than men, whereas presarcopenia was equally distributed in both genders. Two patients were not able to complete the required tests (ie, grip strength and gait speed) and thus did not receive a sarcopenia diagnosis. No significant differences in physical function (BI and SPPB) were found between women and men (table 2). However, the results of the SPPB showed that 20.0% received a total score of zero (n=24), 0.8% (n=1) scored 11 and none of the patients obtained the maximum score of 12 points.
Associations among nutritional status, physical function, sarcopenia and health status
The results indicate that men had higher MNA scores than women ( p=0.04; table 3). All diseases had a significant inverse association with nutritional status as measured by the MNA. Both SPPB and BI were positively and significantly associated with nutritional status, with p<0.001 and p=0.03, respectively (table 3) .
The total SPPB score had the highest standardised coefficient and was the most important covariate for nutritional status, as measured by the MNA (table 4) . Sarcopenia, pulmonary disease and cancer had the second, third and fourth highest standardised coefficients, while neurological disease, BI, number of prescribed medications and digestive disease had lower standardised coefficients and were thus less important for predicting the MNA score.
The results indicate that physical function, as measured by the SPPB and indicated by sarcopenia, remained highly significantly ( p<0.001) associated with MNA after adjusting for potential confounders. Pulmonary disease and cancer still showed inverse associations with nutritional status, indicating that patients with pulmonary disease and cancer had a decline in their MNA scores of 2.0 and 1.7 points, respectively, compared to patients without pulmonary disease ( p=0.012) or cancer ( p=0.046). This model explained 38.8% of the variance in nutritional status and was significant ( p<0.001; table 4).
DISCUSSION
This is the first Norwegian cross-sectional study to assess the associations between physical function, health status and nutritional status. The results demonstrate that malnutrition is a highly prevalent problem in acute geriatric patients because 75% were at risk of malnutrition or already malnourished. Two previous international studies conducted in acute geriatric wards reported an even higher prevalence of malnutrition. 19 36 Studies that employed the full MNA to assess the risk of malnutrition in acute geriatric wards reported that 90.1% (n=205) 19 and 100% of the patients (n=148) were at risk of malnutrition or malnourished. 36 The higher prevalence reported in these two studies may be explained by the fact that these studies included patients with dementia, which is known to increase the risk of malnutrition. 37 In this study, pulmonary diseases and cancer showed inverse associations with nutritional status. These findings are consistent with previous results suggesting that patients with cancer have high rates of malnutrition due to appetite loss and side effects of medical treatment. 38 Patients suffering from pulmonary diseases are also at high risk of developing malnutrition. Chronic diseases, such as chronic obstructive pulmonary disease, are considered energy intensive, with weight loss and malnutrition being common consequences.
39 Surprisingly, no significant associations were detected between neurological disorders and nutritional status in our study. In contrast, Saka et al 40 found a highly significant association between MNA scores ≤23 and neurological disorders in elderly patients admitted to an outpatient clinic (n=413). These conflicting findings may be related to the comparatively small sample size of this study, as the lack of statistical power may result in nonsignificant associations. 41 Surprisingly, we found no associations between age or gender and nutritional status. Advanced age was reported as an important risk factor for malnutrition, and the prevalence of malnutrition tends to increase with ageing. 37 Females aged 65 years or above were also at higher risk of malnutrition than men of the same age. 42 Our discordant findings may be related to the advanced age (a mean of 82 years) and predominance of women (females=63.3%) in the sample.
This study indicates that one in three patients were sarcopenic according to the EWGSOP criteria. Only three previous studies have estimated the prevalence of sarcopenia in hospitalised elderly persons. 15 43 44 The estimated prevalence in these studies varies from 10% (n=432) 43 to 21.4% (n=103) 15 and 26% (n=103). 44 Our results were slightly higher, which may be explained by a different classification approach. Both Cerri et al 15 and Rossi et al 44 adopted the diagnostic approach suggested by the EWGSOP, but muscle mass was measured by bioelectrical impedance analysis (BIA). Gariballa et al 43 assessed muscle mass using MAMC but did not include gait speed. In addition, Cerri et al 15 included only patients with MNA scores ≤23, and a significant proportion of the patients (22.3%, n=23) were not able to complete handgrip or gait speed tests. This may clarify why our results indicate a higher proportion of sarcopenia than similar studies.
We found that sarcopenia was associated with poor nutritional status, and malnutrition is often recognised as a risk factor for developing sarcopenia; hence, these syndromes frequently coexist. 18 Malnutrition and sarcopenia are geriatric syndromes, which often play an essential role in the frailty process. 18 A previous study that included only acute geriatric patients (N=103) at risk of malnutrition or who were malnourished, according to the MNA-SF, investigated the association between nutritional status and sarcopenia. 15 They found no significant association between sarcopenia and nutritional status. The fact that they only included patients at risk of malnutrition or with malnutrition may have increased the difficulty of identifying a significant relationship between the variables due to low variation in the data. Another interesting finding in our study was that nutritional status, as measured by the MNA, was strongly associated with physical function, as measured by the SPPB, after controlling for health status and other potential confounders. This finding is in line with previous studies of hospitalised elderly patients. 8 19 Strengths and limitations To the best of our knowledge, this study is the first to simultaneously assess physical function using the SPPB and nutritional status using the MNA in acute geriatric patients. Previous studies have generally employed TUG, which assesses only the gait speed and the ability to rise from and sit down in a chair. In contrast, the SPPB evaluates participants' balance, mobility and muscle strength in lower extremities, and including the overall SPPB score may provide a more accurate picture of a patient's overall mobility than gait speed. In summary, the SPPB may provide a more thorough assessment of physical function than TUG measures. Moreover, owing to the fact that similar results concerning nutritional status and physical function have been reported in previous studies, the external validity of this study is strengthened. The limitations of this study are the small sample size, which may increase the risk of type II error (rejecting a true alternative hypothesis). In addition, a small sample size requires that the results are interpreted carefully. Furthermore, we assessed muscle mass using MAMC, although there is debate about whether anthropometric measures are adequate and reliable markers of muscle mass. One study suggests that BIA may be a better marker than MAMC for predicting adverse outcomes and malnutrition in some patient populations. 45 However, the burden of frailty in our sample limited the use of BIA because 28.3% (n=34) of the included patients could not perform the test. Specifically, 73.5% (n=25) of patients were incapable of standing, and 26.5% (n=9) of patients had medical conditions that contraindicated using BIA. MAMC allowed the quick assessment of muscle mass without unnecessary exertion from the patients. Another weakness of this study is that a relatively large portion of the patients received a score of zero on the SPPB (20%, n=24). While not considered to be causing a floor effect (>20%) in this study, these results suggest that BIA and SPPB are not appropriate tests for patients with the most severe illnesses or those with the greatest functional declines. As in all crosssectional studies, there are some methodological limitations. For example, we cannot presume causal relationships among nutritional status, physical function and health status. Furthermore, along with physical function and health status, ageing may be associated with profound psychosocial and environmental changes, such as isolation, loneliness, depression and inadequate finances, which may also have significant effects on nutritional status. 46 We did not assess these variables, which may be considered a limitation of this study. These aspects should be included in future studies to clarify the associations among physical function, health status and nutritional status. CONCLUSION A significant proportion of acute geriatric patients are malnourished or are at risk of malnutrition. One in three patients suffer from sarcopenia. Our results indicate that a low total score on SPPB, sarcopenia, cancer and pulmonary disease are associated with a decline in nutritional status, as measured by the MNA, in acute geriatric patients. Future studies should assess whether nutritional and exercise interventions improve acute geriatric patients' physical function and reduce the risk of developing sarcopenia.
